anhydride/glacial acetic acid is particularly convenient and can be dane rapidly on a small amount of material. Acetolysis by acetic anhydride/glacial acetic acid/H2SO4 is done on the acetylated oligosaccharides, and the acetylated fragments are recovered by solvent extraction and immediately subjected to mass spectrometry. The methodology allows molecular weight determinations and sequence analysis by acetolysis to be carried out on a few micrograms of isolated oligosaccharide in a few hours.
The technique of fast-atom-bombardment (FAB) mass spectrometry (1-3) has provided a renewed impetus to structural studies on complex carbohydrates, particularly for molecules in the molecular weight range of 1500-5000 (10-30 hexose units) (4) (5) (6) (7) (8) (9) . The obvious advantage of being able to obtain precise molecular weights is complemented, in FAB mass spectrometry, by sequence information that is available in the fragmentation pattern that results from disruption both of glycosidic bonds and sugar rings (6, 9) .
In the present study, we have analyzed acetylated and acetolyzed high-mannose oligosaccharides obtained from yeast glycoproteins by endoglucosaminidase H digestion (10, 11) . Our results show that such products give excellent mass spectra in positive and negative mode and in neutral or phosphorylated forms. Moreover, sequence information can be obtained by selective acetolysis of oligosaccharide bonds (12) (13) (14) . The usual procedure for characterizing the acetolysis fragments has involved their isolation, deacetylation, and chromatography on paper (15) or by gel filtration (14) . Here we show that FAB mass spectrometry of the acetylated fragments is a convenient method ofanalysis and is especially suitable for phosphorylated oligosaccharides. When the procedure is coupled with acetylation by the trifluoroacetic anhydride/glacial acetic acid method (16, 17) , the analysis can be carried out in 2-3 hr on a few micrograms of sample. Because it is fast and requires little material, the method should facilitate studies on the functional role of such carbohydrates in glycoproteins.
MATERIALS AND METHODS
Acetylation. Oligosaccharides (10-100 ug), from previous studies (18, 19) (13) . Two milliliters of CHC13 and 2 ml of water were added to the reaction tube, which was mixed on a Vortex mixer and centrifuged to separate the layers, and the upper water layer was removed with a pasteur pipet. The lower CHC13 layer was washed rapidly several times with water in this manner, after which it was evaporated to dryness first on a rotary evaporator and then on an oil pump.
The acetylated fragments were dissolved in methanol and analyzed by mass spectrometry.
Mass Spectrometry. Mass spectra were obtained in the Biochemistry Department, Imperial College, London, on a VG Analytical ZAB HF mass spectrometer equipped with an FAB source and an M-scan FAB gun following published procedures (6, 9) .
RESULTS AND DISCUSSION
The high-mannose core oligosaccharides of yeast glycoproteins typically contain 8-14 mannose units (11, 19) , and the products obtained by endoglucosaminidase H digestion have a single N-acetylglucosamine unit. Whereas the sizes of such molecules can be determined approximately by chromatography (15) or by integration of proton nuclear magnetic resonances (20) , the FAB mass spectra (Table 1) tTo whom correspondence should be directed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. tized samples give the molecular weights to one mass unit and also reveal the presence of minor components with higher or lower mass. These observations are similar to those reported for the complex-type oligosaccharides (8) .
The quality of FAB data obtained from underivatized oligosaccharides L dependent on their purity, and many samples have an unacceptably high salt content even after elution from desalting columns. Acetylation of the oligosaccharides overcomes thin problenm b~qause salts are removed by water waghes of the chlorofortp-soluble product; and acetylation' has the added bohUs or improving sensitivity significantly, which probably results from decreased hydrogen bonding of the derivatized oligosaccharides to the glycerol matrix. Plausible structures for the ions observed from the peracetylated parent molecules are presented in Figs. 1 and  2 . Acyclic molecules such as (M + 103) are reasonable, because such compounds are isolable from acetylation reactions (21) . Normally, the majority of the ion current is carried by two or three of the ions shown in Figs. 1'and 2; and the relatively complicated spectral pattern does not pose interpretation problems but is actually advantageous when spectra are weak, because the presence of several related signals allows a more confident assignment.
For Man9GlcNAc acetylated with pyridine/acetic anhydride (Mr 2981), the ion most commonly observed in the positive mode is (M -59) (Fig. 3B) (13) . The 30-min reaction yielded the expected intermediatesized oligosaccharides (Table 1) , although the relative signal intensities did not correlate well with the expected acetolysis products of this known compound (19) . Whereas ions corresponding to Man8GlcNAc and Man6GlcNAc were expected, significant ions for Man7GlcNAc and Man5GlcNAc were also observed. In the 90-min acetolysate, however, the expected accumulation of Man4GlcNAc occurred and then broke down slowly to give smaller fragments.
An unusual feature of the peracetylated Man3P positive ion spectrum was the presence in the freshly prepared acetolysate of an ion at (M + 43) that disappeared from the spectrum after the sample had been stored several days in methanol. We interpret the ion to be the acetylphosphate mixed anhydride that was solvolyzed during storage to give the monoester. Studies on a diphosphorylated oligosaccharide from Saccharomyces cerevisiae mnnl mnn9 strain with the following structure (next page) reveals the real power of this technique.
In agreement with this structure, the molecular ion region of the negative FAB spectrum of the underivatized oligosaccharide (Fig. 4) shows two ion clusters of equal intensity molecule. The detection of an ion for Man6GlcNAcP2 in the spectrum of acetolyzed ManjoGlcNAcP2 produced by mild acid hydrolysis may also reflect the fact that cleavage of a single bond was necessary to form this ion, whereas three bonds would have to be broken to form the same ion from the parent Manl2GlcNAcP2.
